through binding, thus preventing activation of vascular endothelial growth factor receptors (VEGFR-1 and VEGFR-2). In several studies, intravitreal injections of anti-VEGF agents have been shown to reduce DME [8] [9] [10] [11] . The exact mechanisms for this response to treatment remain unknown. Although VEGF inhibition is expected to reduce intraocular VEGF levels, whether this is the only mechanism for DME reduction or whether there are more widespread changes in the intraocular as well as systemic cytokine milieu is not clear.
Additionally, although the plasma half-life of ranibizumab is approximately 2 h [12] there have been concerns regarding the increased risk of arterial thromboembolic events with all anti-VEGF drugs that include ranibizumab treatment, and some have attributed this to the potential systemic effects of anti-VEGF therapy [13] . To further elucidate the changes in VEGF, as well as inflammation-associated cytokines in the serum, in this study, we investigated the serum cytokine profiles of patients with DME following two doses of intravitreal ranibizumab.
METHODS
Patients with center-involved DME were recruited from the Patients: Patients with center-involved DME requiring anti-VEGF therapy were recruited prospectively. A full list of inclusion and exclusion criteria can be found in Appendix 1. At baseline and each visit thereafter, all patients underwent a complete ophthalmic examination that included best-corrected visual acuity (BCVA) letters using an Early Treatment Diabetic Retinography Study (ETDRS) chart, intraocular pressure (IOP) measurements, slit-lamp examination, and optical coherence tomography (OCT). Fast macular thickness scans and 6-mm cross-hair scans were obtained using Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany). Central macular thickness (CMT) was determined automatically and analyzed with OCT software. In all OCT maps, automated macular thickness detection was performed by the instrument's software analysis without manual operator adjustment.
Visits and treatment schedule:
All study participants received an intravitreal ranibizumab (Novartis, Novartis Pharmaceuticals, Sydney, Australia) 0.5 mg/0.05 ml injection 3.5-4 mm from the corneal limbus at baseline, 1 month (+/− 7 days), and 2 months (+/− 7 days). Injections did not occur fewer than 21 days apart. An ophthalmologist performed all injections under sterile conditions using a 30-gauge needle and a prefilled syringe.
Serum sampling: Serum samples were taken at baseline and at 8 weeks (immediately before the third injection of ranibizumab) to assess response to treatment. Samples were collected from a peripheral vein in two 8-ml serum tubes. These tubes were gently inverted for good mixing and sat upright for 30 min before centrifuging. The centrifuge was run at 1000 ×g for 10 min at 12 °C. One-thousand-microliter tips were used to transfer 750 μl serum samples into Axygen (San Francisco, CA) tubes that were then stored at −80 °C until assayed.
Serum processing and analysis:
The levels of 32 analytes were measured using commercially available Luminex systems from Bio-Rad Laboratories Ltd. (Hercules, CA) and Millipore (Billerica, MA) on the Bio-Plex 200 System. Initial data analysis was undertaken using Bio-Plex Manager 5.0 software to determine concentrations. Serially diluted standards (50 μl) and test serum, diluted 1 in 4 in sample diluent (50 μl), were added to a plate containing magnetic antibody-coupled beads for each of the 32 analytes. The samples were incubated in replicates of four at room temperature on a plate shaker at 300 rpm for 30 min. Following washing with the Bio-Plex Washing buffer, the secondary detection antibodies (25 μl) were added to the plate and incubated as previously. The plate was washed again, streptavidin-phycoerythrin (streptavidin-PE; 50 μl) was added, and the plate incubated at room temperature on a plate shaker at 300 rpm for 10 min. Assay buffer (125 μl) was added to each well of the plate before analysis on the Bio-Plex 200 machine. Fluorescent intensities obtained for the test samples were read from the standard curve to give picograms per milliliter (pg/ml) values for each of the 32 analytes. Values below the reference range were assigned the value of the lowest standard.
Statistical analysis:
At the first stage of the analysis, changes in serum cytokine levels from baseline to month 2 were summarized as medians with interquartile ranges (IQRs), and the hypothesis of no change was tested using the Wilcoxon signed-rank test. Due to the multiplicity of testing where 32 individual analytes were screened, a Bonferroni-corrected threshold value for Type I error of 0.00156=0.05/32 was used as indicative of statistical significance.
At the second stage of the analysis, a correlation between the change in the VEGF concentration and changes in the other analytes identified as exhibiting statistically significant change from baseline to month 2 at the first stage of the analysis was estimated using Spearman's rank correlation coefficient. Due to the multiplicity of testing where ten individual analytes were investigated, a Bonferroni-corrected threshold value for Type I error of 0.005= 0.05/10 was used as indicative of statistical significance. Statistical analysis was conducted using Stata v14IC (StataCorp, College Station, TX) statistical software.
RESULTS
As part of the DISCERN study, 25 patients were recruited with center-involved DME. In this sub-analysis looking at the changes in cytokine concentrations following ranibizumab treatment, to eliminate any potential confounding effect on the serum concentrations of VEGF and other cytokines by both eyes being treated, only the first recruited eye was considered eligible. Therefore, a total of 25 eyes from 25 patients were included. Baseline characteristics of the study participants are shown in Table 1 . The mean (standard deviation) patient age was 63.4 (9.0) years, with a mean BCVA of 59.3 (10.3) letters (range 28 to 70 letters). In the 25 study eyes, 23 (92.0%) had non-proliferative diabetic retinopathy (NPDR), and two (8.00%) had PDR, both of which regressed after pan-retinal photocoagulation. Seven eyes (28.0%) had a previous intravitreal anti-VEGF injection at a mean of 18 (range 4-60) months before entry into the study, and one had previously received intravitreal corticosteroids 6 years before entry into the study. At baseline, none of the cytokines measured in the serum were associated with baseline BCVA, central macular thickness, or Hemoglobin A1c (HbA1c; p>0.10).
A statistically significant improvement in the number of letters read on the logarithm of the minimal angle of resolution (LogMAR) chart following two intravitreal ranibizumab injections of +7.4 letters was noted (95% confidence interval [CI] 4.9 to 9.9, paired t test, p<0.0001; range, −4 to +21 letters, SD +6.67 letters. Similarly, there was a statistically significant reduction in the CMT of −93.5 μm (95% CI 47.6 to 139.5, paired t test, p=0.0003) over the same period.
Changes in serum cytokine levels from baseline to month 2:
Baseline cytokine concentrations were compared to cytokine concentrations after two doses of intravitreal ranibizumab. Only cytokines with measurable concentrations were included in the analysis. Thus, Interleukin 2 (IL-2), Interleukin 15 (IL-15), Interleukin 17 (IL-17), and Granulocyte-macrophage colony-stimulating factor (GM-CSF) were excluded due to undetectable levels with the serum at baseline and at month 2. No statistically significant changes following intravitreal ranibizumab treatment were identified in the following cytokines (using Bonferroni-corrected threshold for Type 1 error p=0.00156); Interleukin 1-ra (IL-1ra), Interleukin 4 (IL-4), Interleukin 5 (IL-5), Interleukin 6 (IL-6), Interleukin 7 (IL-7), Interleukin 8 (IL-8), Interleukin 10 (IL-10), Interleukin 12 (IL-12), eotaxin, fibroblastic growth factorbeta (FGFb), macrophage inflammatory protein-1 alpha (MCP-1α), platelet derived growth factor-beta (PDGFB), Regulated on Activation Normal T Cell Expressed and Secreted (RANTES), erythropoietin (EPO), soluble vascular endothelial growth factor receptor 2 (sVEGR-2), epidermal growth factor (EGF), and angiopoietin 2 (ANG-2). (Table  2 ). Of the remaining cytokines, seven showed a statistically significant decrease, and four showed a statistically significant increase in the serum concentration following ranibizumab treatment. Figure  2 ). Of the serum cytokines observed to change statistically significantly from baseline to month 2, only changes in the serum concentrations of IL-9 (rho=0.6141, p=0.0011) were statistically significantly correlated with the change in the VEGF concentration (Table 3) .
Decreased and increased concentrations:

DISCUSSION
This is the first study to show an association between intravitreal ranibizumab therapy for DME and serum cytokine levels. After two intravitreal ranibizumab injections, reductions in the levels of circulating cytokines IL-1β, IL-13, G-CSF, IFN-γ, IP-10, MIP-1α, and TNF-α were measured, with increased levels recorded for IL-9, MIP-1b, VEGF, and sVEGFR-1, after correcting for the multiple comparisons.
The findings suggest that there may be diffusion of ranibizumab across the neural retina into the choroidal and systemic circulation after injection [14] . The vitreous half-life of ranibizumab is estimated to be 9 days, but the systemic clearance of ranibizumab is only 2 h [12] as its absence of an fragment crystallizable (Fc) domain allows it to avoid neonatal Fc receptor (FcRN) receptors on endothelial cells, and thus, Fc recycling [12] . The present results suggest that despite this short systemic half-life, there are longer-lasting effects triggered by ranibizumab therapy that result in longerlasting changes in systemic cytokine profiles.
Inflammation has long been considered to be central to type 2 diabetes mellitus [15] , and inflammatory cytokines are elevated in the vitreous, aqueous, and plasma of patients with DR and DME [7, 16, 17] . IL-1β, IFN-γ, IP-10, MIP-1α, and TNF-α are potent inflammatory meditators important for cell recruitment and inflammation [18] [19] [20] . These cytokines were statistically significantly reduced in the serum following two, monthly intravitreal ranibizumab injections. Similarly, G-CSF and IL-13, also statistically significantly decreased following intravitreal ranibizumab injections, play key roles in the inflammatory processes involved in rheumatoid arthritis and allergic asthma, respectively [21, 22] .
In addition to the reduced concentrations of certain cytokines, we found that at 28 days after two consecutive monthly intravitreal ranibizumab treatments IL-9, MIP-1b, VEGF, and sVEGFR-1 were elevated in the serum. There is evidence to support an important role for IL-9 in inflammation resolution [23] , and MIP-1b is a known potent chemoattractant [24] . IL-9 has also previously been shown BCVA=best corrected visual acuity, CMT=central macular thickness, NPDR=non-proliferative diabetic retinopathy, DR=diabetic retinopathy, anti-VEGF=anti-vascular endothelial growth factor, n=number, SD=standard deviation to promote VEGF secretion from mast cells [25] , and may explain the strong correlation between IL-9 and VEGF that we observed in this study.
In contrast to these results, previous studies that looked at plasma or serum VEGF levels following intravitreal ranibizumab found no statistically significant change at 7 days and 1 month follow-up [26] [27] [28] . Most studies looked at patients with age-related macular degeneration, although one study had multiple arms, one of which looked at patients with DME [29] . In ten patients with DME, no statistically significant change in VEGF levels was found at 1 week and 1 month follow-up [29] . In another larger trial assessing plasma VEGF in patients with treated with anti-VEGF therapy (bevacizumab, ranibizumab, and aflibercept) for DME found that the median plasma VEGF concentration increased by +0.20 pg/ml (IQR −5.00 to +4.90) 4 weeks after the first injection of ranibizumab [30] . Likewise at 52 weeks, following a pro re nata injection strategy, a similar increase (+0.20 pg/ ml, IQR −5.20, +3.80) in plasma VEGF was observed, and at 104 weeks, plasma VEGF increased by +0.14 pg/ml (IQR −9.54, +5.45). Conversely, the mean plasma VEGF levels decreased at 4 weeks in the patients treated with ranibizumab (−7.12 pg/ml) but subsequently increased by +1.43 pg/ml and +6.51 pg/ml at 52 and 104 weeks, respectively. In contrast, the mean and median plasma VEGF concentrations were reduced in patients treated with bevacizumab and aflibercept at all The patients in the present study received two injections, and the time point for serum analysis was 28 days following the second ranibizumab injection. Thus, it is possible that the difference between the present results and previous work may reflect the possibility that a single treatment may not alter systemic VEGF levels, while multiple treatments may trigger signaling cascades that lead to cytokine changes [31] .
Interestingly, we previously reported in the same cohort of 25 patients that following ranibizumab treatment, there was a statistically significant reduction in inflammationassociated cytokines as well as VEGF within the aqueous. The rise in serum VEGF is thus counterintuitive; however, increases in serum and plasma VEGF with anti-VEGF therapy have previously been reported [32] [33] [34] . Shao and associates reported multiphasic changes in total and free plasma VEGF in a child who received intravitreal ranibizumab injections for choroidal neovascularization [32] . They found a 30% increase in circulating VEGF following one injection, a return to baseline, and then a rebound 67% increase following a further two injections [32] . Similarly, in patients with metastatic renal cancer, Yang and coworkers found that intravenous administration of bevacizumab led to an increase in plasma VEGF and hypothesized that this may be the result of decreased clearance of VEGF following anti-VEGF binding of VEGF [34] . In the cancer literature, other groups have suggested that the increase in serum VEGF in patients with advanced cancer may be due to increased synthesis of VEGF in response to anti-VEGF therapy [35] . It has also been suggested that in response to anti-VEGF therapy there may be a redistribution of VEGF from tissue into the circulation [33, 36, 37] . Through binding VEGF, sVEGFR1 acts as a negative regulator of VEGF-induced angiogenesis and edema [38] . The upregulation of serum sVEGFR may be a compensatory response to the elevation in VEGF.
We also found that there was a strong correlation between the rise in serum VEGF and the rise in serum IL-9 levels. IL-9 has previously been shown to promote VEGF secretion from mast cells, and may represent one possible explanation for this correlation [25] . The multiplex serum analysis technique used in the present study measured only free serum VEGF, and thus, we postulate a feedback mechanism or signaling cascade in response to effective VEGF blockade is increasing VEGF production or redistributing VEGF into the systemic circulation from tissue. In a pharmacokinetic model, Stefanini et al. suggested that the anti-VEGF/VEGF complex intravasates and subsequently, dissociates leading to increases in the systemic unbound VEGF [32] .
The finding of increased serum VEGF following intravitreal anti-VEGF therapy has important implications. Anti-VEGF therapy has been postulated to increase the risk of systemic arterial thromboembolic events (ATEs), and this has been hypothesized to be related to systemic inhibition of VEGF following redistribution of drug from the vitreous cavity into the choroidal vasculature and thus, the systemic circulation [39] . The present results suggest that although it is likely that ranibizumab enters the circulation and reduces concentrations of inflammatory cytokines within the serum, it does not reduce serum VEGF levels, and thus, the potentially increased risk of ATEs is unlikely to relate to systemic VEGF inhibition, at least in the short term. The longer-term effects of intravitreal ranibizumab therapy are uncertain, however.
This study has several limitations. First, as we did not have a control group we cannot claim the causality of the observed association and comment on the comparisons to serum cytokine changes or variations in patients with DME not receiving intravitreal ranibizumab. Second, we measured serum cytokine levels only before and 28 days after two intravitreal injections. There is some evidence that ranibizumab has varying effects on circulating VEGF [32] ; thus, the timing and frequency of injections may be important. Third, there is some diurnal variation in the levels of circulating cytokines, particularly plasma concentrations of cytokines influenced by circulating cortisol [40, 41] . In this study, we collected serum samples at the same time of day, the afternoon. This reduced the impact of diurnal effects on the results [41] . Serum cytokine concentrations are also likely to be influenced by several systemic factors, including HbA1c and the severity of diabetic retinopathy [3, 42] . Given our small sample size, a statistical adjustment through a regression model that accounts for these influences was not possible. Finally, we used multiplex array assays to measure the serum levels of various cytokines. Where levels were below the detectable reference range, the sample was assigned the value of the lowest standard.
In conclusion, intravitreal injections of ranibizumab appear to be associated with changes in a range of serum cytokines in patients with DME, several inflammationassociated cytokines, and VEGF. The VEGF results are intriguing but consistent with previous results [32] [33] [34] . The effects on serum cytokines associated with long-term ranibizumab treatment are uncertain, and ultimately, larger controlled studies are needed to establish causality and to investigate whether the serum changes seen in this study are maintained.
APPENDIX 1. DISCERN STUDY INCLUSION AND EXCLUSION CRITERIA.
To access the data, click or select the words "Appendix 1."
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